Severe hypoglycemia is known to cause acute focal neurological symptoms. In cases with a medical history of diabetes mellitus (DM), the diagnosis and treatment of hypoglycemia-induced neurological symptoms are simple. However, severe hypoglycemia can occur in patients who are not taking hypoglycemic agents such as insulin or longacting sulfonylurea drugs. We describe a 95-year-old man with sudden onset of right hemiparesis who showed high signal intensity on diffusion-weighted imaging involving the left internal capsule with corresponding reduced apparent diffusion coefficient hypointensity. Laboratory findings revealed severe hypoglycemia (27 mg/dl). However, he was not taking insulin or long-acting sulfonylurea drugs but disopyramide and clarithromycin had been administered. In addition, he had kidney dysfunction with an estimated glomerular filtration rate (GFR) of 42.9 ml/ min/1.73 m 2 . After the blood glucose level was normalized, the left hemiparesis completely recovered and abnormal findings of magnetic resonance imaging (MRI) study also became normal. A combination of disopyramide and clarithromycin may cause severe hypoglycemia-induced neurological symptoms particularly in patients with kidney dysfunction. Even in a patient with sudden-onset hemiparesis and no history of DM, the possibility of hypoglycemiainduced neurological deficit should be considered.
Introduction
Severe hypoglycemia is known to cause acute focal neurological symptoms, such as hemiparesis, with findings similar to acute ischemic stroke on magnetic resonance imaging (MRI). 1, 2) In cases with a medical history of diabetes mellitus (DM), the diagnosis and treatment of hypoglycemia-induced neurological deficit are simple. However, if there is no history of DM, it is common for patients with such symptoms to be initially diagnosed with and treated for acute ischemic stroke.
Here, we present a case of right hemiparesis, severe hypoglycemia, and diffusion restriction and corresponding apparent diffusion coefficient (ADC) hypointensity in the left internal capsule on MRI in a patient without a history of DM. Normalization of the blood glucose levels resulted in the complete recovery of the neurological and radiological findings. In patients with acute neurological impairment without a history of DM, we should consider the possibility of hypoglycemia-induced neurological impairment and focus on drugs that could cause hypoglycemia.
Case Report
A 95-year-old man presented to our hospital with sudden onset of right hemiparesis (manual muscle testing: 1/5) and minor disturbance in consciousness (Glasgow Coma Scale: 13/15). He had a medical history of ventricular tachycardia and pneumonia but no history of DM, hepatitis, or gastrectomy, which have a potential risk for causing hypoglycemia. He was orally administered with 300 mg t.i.d. disopyramide for tachycardia and clarithromycin and 200 mg b.i.d. disopyramide for pneumonia. Emergent MRI demonstrated high signal intensity on diffusion-weighted imaging (DWI) involving the left internal capsule with corresponding reduced ADC (Fig. 1) .
The initial diagnosis appeared to be an acute stroke. However, laboratory examination revealed a low blood glucose level (27 mg/dl). On intravenous administration of 20 ml of 50% glucose, the blood glucose level was normalized, and the right hemiparesis immediately and completely recovered.
Follow-up DWI sequences, taken 18 h after the initial MRI, showed prominent regression of the hyperintense lesion and corresponding ADC hypointensity (Fig. 2) . The patient was discharged from the hospital without any neurological deficit.
Discussion
In patients with symptomatic hypoglycemia mimicking an acute stroke, imaging abnormalities on computed tomography (CT) and MRI were seen in 20%.
3) For imaging, DWI sequences on MRI are the most sensitive for detecting lesions with restricted diffusion with a corresponding ADC hypointensity, associated with hypoglycemia-induced neurological deficits. 4) In comatose patients with hypoglycemia, hyperintensity lesions on DWI, corresponding to hypointense signals on the ADC map, were seen in 9%-64%. 5, 6) Of these, the posterior limb of the internal capsule is one of the most affected areas in the early period. Hypoglycemic brain damage often takes an asymmetrical pattern. Approximately, half of the lesions were ipsilateral. 5) In this case, DWI high-signal intensity was seen only in the left internal capsule. The underlying mechanism of this asymmetric distribution pattern of high-intensity signals on DWI and an accompanying reduction in ADC values in patients with hypoglycemia remains unclear. Because a reduction in ADC values follows the establishment of cerebral isoelectricity, 5, 7, 8) the asynchronous onset of isoelectricity between the hemispheres could explain this phenomenon. 9) The development of hemiplegia with lesions of the contralateral internal capsule may be initially diagnosed and treated as acute ischemic stroke. Delayed diagnosis can potentially increase morbidity and mortality; therefore, the possibility of hypoglycemia-induced neurological deficit must be kept in mind. Blood glucose testing should be performed in patients, who present with acute neurological impairment. 3, 6) Hypoglycemia is common in patients with diabetes and can occur as a complication of insulin or long-acting sulfonylurea therapy. In these situations, the diagnosis of hypoglycemia-induced neurological symptoms is simple. Our patient had severe hypoglycemia without a medical history of DM. However, he was being treated with disopyramide for ventricular tachycardia. Disopyramide is a sodium channel blocker and can cause hypoglycemia by enhancing A B insulin secretion from pancreatic beta cells through sodium channel inhibition. 10) In addition, the patient had kidney dysfunction with an estimated glomerular filtration rate (GFR) of 42.9 ml/min/ 1.73 m 2 . Because approximately half of any given dose of disopyramide is excreted in the urine, in a patient with kidney dysfunction, the blood level of disopyramide can increase. Furthermore, the patient was also taking clarithromycin, which is known to suppress CYP3A4. Because CYP3A4 metabolizes disopyramide, disopyramide combined with clarithromycin can reduce disopyramide metabolism. Through these mechanisms, the blood glucose lowering effect of disopyramide can be enhanced and can result in severe hypoglycemia. 11) Drugs are the most common cause of hypoglycemia often in the setting of chronic kidney disease (CKD) among the causes of hypoglycemia in patients without DM. 12) Many drugs, in addition to insulin, such as long-acting sulfonylurea drugs and alcohol can cause hypoglycemia. It is necessary to understand the various drugs, which can cause hypoglycemia, such as angiotensin converting enzyme inhibitors, angiotensin receptor antagonists, levofloxacin, trimethoprimsulfamethoxazole, heparin, and 6-mercaptopurine. 12) In conclusion, even in a patient with emergent hemiparesis and no history of DM, the possibility of hypoglycemia-induced neurological deficit should be considered. Hypoglycemia can occur in patients who are not taking hypoglycemic agents such as insulin or long-acting sulfonylurea drugs. A combination of disopyramide and clarithromycin may cause severe hypoglycemia, particularly in patients with CKD.
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